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STATISTICAL CALCULATIONS

NOTE: Before a statistical calculation is applied the DNA profile will be evaluated to determine if the

10.1

10.2

10.3

10.4

individual of interest is included or eliminated as a possible source of the genetic material. Refer to
Chapter 9, Interpretation Of Powerplex® 16 BIO System PCR Amplification Results, for
guidelines on interpreting DNA profiles. Only if the individual of interest cannot be eliminated as
a possible source of the genetic material will a statistical calculation be performed. The statistical

approach that is applied will depend on the circumstances of the case and the criterion addressed in the
remainder of this chapter.

The frequency of occurrence of allele fragments reported as being consistent is determined for each
polymorphic locus within a racial group. Using the allele designations specified in Chapter 9,
Interpretation Of Powerplex® 16 BIO System PCR Amplification Results, determine the
frequency for each allele from the appropriate population database.

The frequency associated with a particular pattern of alleles from a sample is based upon principles of
Hardy-Weinberg equilibrium.

10.2.1 If a single source sample under analysis demonstrates two alleles, the genotypic frequency at a
particular locus is determined by the equation 2pq, where p and q represent the frequencies of
allele #1 and #2'.

10.2.2 If a single source sample under analysis consists of a single allele, the genotypic frequency at
a particular locus is determined by the equation p>+ p(1-p)0, where 6 = 0.01 and p represents
the frequency of the allele .

10.2.3 If a known sample consists of more than two alleles at a particular locus, no frequency data
will be generated for that locus.

A random match probability will be determined for single source samples using the product rule. The
product rule may also be applied for a mixture sample when the complete major contributor profile
can be determined by subtracting the contribution of the known donor from the mixture. Exception: If
the complete major contributor profile can be determined at all but one locus, where there is an
overlapping pattern between the victim and suspect, a random match probability can be applied by
considering the locus inconclusive for statistical purposes. Otherwise a ‘‘Likelihood Ratio or a
“Combined Probability of Inclusion” discussed below must be applied.

Likelihood ratios will be used to calculate the match probability for the foreign DNA profile from an
intimate sample (i.e., a biological sample that is known to have originated from one of the individuals
involved, such as a vaginal swab collected from the victim) when a mixture of DNA profiles from
TWO individuals is observed and the entire foreign DNA profile cannot be determined by subtracting
the contribution of the known donor from the mixture profile. The "Likelihood Ratio" frequency (L) is
determined by the equation "> '*:

L = P(E/Cy)
P(E/Cy)
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L compares two hypotheses or scenarios — informally they are 1) what is the probability of the DNA
evidence if the prosecution proposition is true? and 2) what is the probability of the DNA evidence if
the defense proposition is true? L provides a measure of how many times more characteristic of (1)
the genetic evidence than of (2).

Where:

NOTE:

10.4.1

10.4.2

10.4.3

Cx is the first explanation (the alleles of the mixed DNA profile attributed to unknown
contributors under explanation Cyx), where X is the number of unknown contributors under
explanation Cx.

Cy is the second explanation (the alleles of the mixed DNA profile attributed to unknown
contributors under explanation Cy), where Y is the number of unknown contributors under
explanation C,.

P(E/Cx) is the probability of the DNA profile (E) using explanation Cx
P(E/Cy) is the probability of the DNA profile (E) using explanation Cy
Refer to Appendix I for specific formulas used for calculating likelihood ratio frequencies.

Because the likelihood ratio calculation takes into account all possible contributors involved in
the mixture and therefore provides a conservative probability, 0 is not used in the calculation.

When the victim and suspect share the same two alleles (i.e., 12,13), if the victim’s
contribution to the mixture is the minor component throughout the mixture profile and the
type that is shared by the victim and suspect is consistent with the major contributor (based
upon the intensities of the alleles in relationship to the rest of the DNA profile) the alleles will
be considered to have originated from the foreign contributor and will be used in the
calculation.

Example: Victim - 12,13
Suspect - 12,13
Evidence - 12,13 [both alleles will be considered as unknowns]

If four alleles are observed in a mixture, the alleles that are foreign to the victim will be used
in the calculation.

Example: Victim - 5,8
Suspect - 7,9
Evidence - 5,8,(7),(9) [the 7 and 9 alleles should be considered as unknowns]|

* Alleles in parentheses () are lesser in intensity than the other alleles.

Once the profile has been evaluated and it has been determined that the individual of interest
cannot be eliminated, if any of the alleles for the individual of interest is missing at a
particular locus, the locus will not be used in the calculation. However, the results at that locus
may be used in the overall decision of an inclusion or exclusion.
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10.5

10.6

SECTION I11
Example: Victim - 10,11
Suspect - 6,8

Evidence - 10,11,(6) [this locus will not be used in the overall calculation of
the likelihood ratio frequency]

Combined probability of inclusion (CPI) will be used to calculate the match probability when a
complex mixture of DNA profiles from MORE THAN TWO individuals is obtained and no major
contributor can be determined or a mixture of two individuals is obtained from a NON-INTIMATE
SAMPLE (i.e., biological samples where the source of origin is uncertain, such as a knife containing
blood found in a wooded area). The following combined probability of inclusion calculation will be
used to establish the frequency of individuals who would be included as possible contributors to the
mixture.

Probability of exclusion (PE) = Probability representing all genotypes not contributing to the mixture.

PE = Q* +2Q(1-Q) Where, Q = (1-P), frequency of alleles associated with genotypes at each
locus not contributing to the mixture and P represents the sum of alleles in the
mixture.

CPE =1 - [(1-PE)(1-PEy)....(1-PE,)]
The combined probability of inclusion (CPI) can then be calculated by the equation:
CPI=1-CPE

NOTE: All individuals of interest must be present in the profile at a particular locus in order to use
that locus for CPE calculations (e.g., a three person mixture consisting of the victim and two
suspects, all three individuals must be present).

If it is suspected that a relative of the suspect may have left the genetic material at the crime scene, the
DNA profile from the relative should be obtained whenever feasible. However if a suspected relative
cannot be profiled, the following formulas should be used to determine the conditional probability that
the relative has a particular genotype consistent with that of the suspect ':

Genotype of the suspect Probability of the same genotype in a relative
Homozygote: AA; pi’ + 4pi(1-p)F
Heterozygote: AjA; 2pip; + 2(pi * pj - 4pipy)F

F represents the kinship coefficient and p; and p; represent the frequency of the alleles for the race of
the relative in question.

For parents and offspring, F = 1/4; for half-siblings F= 1/8; for uncle or nephew F = 1/8; for first
cousins F=1/16.

For full siblings the following formulas will be used:

Homozygote: AA; (1+2p; +pi’)/4
Heterozygote: AjA; (1+pi +pj+2pip)/4
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10.7  The following are the formulas used when calculating Paternity/Relationship type calculations:

10.7.1 Random Man Not Excluded (RMNE): the frequency with which men selected at random from
the same racial background as the Alleged Father would not be excluded as the Biological
Father in a give testing in the Mother-Child Combination.

Mother P R
Child P Q
Alleged Father Q N

i, RMNE=2q-q" (Where q equals the obligatory allele frequency)

Mother P Q
Child P Q
Alleged Father | Q N

ii. RMNE=2(p+q)—(p+q)° (Where pand q equal the obligate allele frequency)

10.7.2 Paternity Index (PI): This is the ratio of the chance that the mother and a man of the Alleged
Father’s phenotype produced the child (passed the obligate gene) compared to the chance that
the mother and a random man produced the child (passed the obligate gene).

Hy = Alleged father is the biological father
H; = Alleged father is not the biological father

When the numerator and denominator are divided by P(R/Hy)
P(H¢/R) = P(R/Hy) / P(R/Hy) + P(R/H;)

Let PR/Hy)=X
P(R/H) =Y

PHy/R)=1/1+Y/X

PI=X/Y or 1/ Y/X, also known as a likelihood ratio (L)**

PI compares two hypotheses or scenarios — informally they are 1.) paternity,
and 2) non-paternity. PI provides a measure of how many times more
characteristic of (1) the genetic evidence is than of (2).

Example: Mother (M) =10, 11

Child (C) =10, 11
Alleged Father (AF) =10, 12
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10.7.3

10.7.4

SECTION I11
Paternity Index = (M0)(AF 1) + (M;1)(AF40)
(Mio)(RM1p) + (Mi1)(RMy)
= (1/2)(0) + (1/2)(AF10)
(12)(RMy) + (1/2)(RM0)
= (AF;0)/(RM;) + (RM;)

Child Mother Alleged Father Paternity Index
AA AA AA 1/Pa
AA AB AA 1/Pa
AB AA AA 1/Pa
AB BB AA 1/P4
AB BC AA 1/P
AA AB AB 1/2P4
AA AA AB 1/2P4
AB BB AB 1/2P4
AB BB AC 1/2Pa
AB BC AD 1/2Pa
AB BC AB 1/2Px
AA AB AC 1/2P4
AB AA BB 1/Pg
AB AC BB 1/Pg
AB AA AB 1/2Pg
AB AA BC 1/2Pg
AB AC BD 1/2Pg
AB AA BC 1/2Pg
AB AC AB 1/2Pg
AB AB AA 1/P5+ Py
AB AB AB 1/P5 + Py
AB AB BB 1/P5 + Py
AB AB BC V(P +Pg)
AB AB AC V(P +Pg)

Combined Paternity Index (CPI): The combined paternity index is calculated by multiplying
together each individual paternity index.

CPI=PI, xPLLx PI3................ PI,

Probability of Paternity: The probability of paternity is expressed as a frequency (or
percentage), incorporating the paternity index and a prior probability (i.e., 0.5) which
compares the likelihood that the tested man may pass the required genes to the likelihood that
an untested, unrelated random man of the same race may pass these genes.

P(Hy/R) = P(R/Ho) / P(R/H,) + P(R/H))
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10.8

When the equation is divided by P(R/H;)***

Let  P(R/Hy)=X PI=X/Y
P(R/H,) =Y

Probability of Paternity = (X/Y) / (X/Y) + 1
OR
Probability of Paternity = (CPI)(Pr) / (CPI)(Pr) + (1-Pr), with Pr=10.5

Where: CPI = Combined Paternity Index
Pr = Prior Probability, Pr is 0.5

Refer to Appendix L for acceptable values of Probability of Paternity.

The following are the formulas used when calculating Paternity/Maternity/Relationship Type
calculations from a single parent °:

Where:

10.8.1

10.8.2

10.8.3

p = frequency in the population
q = frequency in the population
AF, = chance of passing p
AF, = chance of passing q

Person
Child P Q
Alleged Father Q R

PI = (p)(AFy) + (qQ)(AF,) / 2pq = (p)(0.5) + (q)(0) / 2pq = 1/4q

Person
Child P Q
Alleged Father Q Q

PI= (p)(AF,) + (Q)(AF,) / 2pq = (p)(1) + (9)(0) / 2pq = 1/2q

Person
Child P Q
Alleged Father | P Q

PI = (p)(AFy) + (qQ)(AFy) / 2pq = (p)(0.5) + (q)(0.5) / 2pq = (p + q) / 4pq

Effective Date: 6-March-2006
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10.8.4

10.8.5

Person

Child

Q

Alleged Father

Q

Q
R

PI=(q)(AF,) / ¢ = (@)(0.5)/¢*=1/2q

Person
Child Q Q
Alleged Father Q Q

PI=(q)(AF,)/q*=(q)(1)/q’=1/q

10.9  The following are the formulas used when calculating Paternity/Maternity/Relationship Type
Calculations from a single grandparent *:

Child Grandmother Grandfather Paternity Index
AA AA Unknown (1+a)/2a
AA AB Unknown (1+2a)/4a
AA BC Unknown 1/2
AA BB Unknown 1/2
AB AA Unknown (1+2a)/4a
AB AB Unknown (a+ b+ 4ab)/(8ab)
AB BC Unknown (1+4b)/(8b)
AB BB Unknown (1+2b)/ (4b)
AB CC Unknown 1/2
AB CD Unknown 1/2

10.10 The following are the formulas used when calculating Missing Person Calculations (where mother’s
and /father’s genotypes are known) °:

Prob(EIM, F, Q) is the probability that the evidence would be observed given that the mother and the
father were the parents of the evidence sample (Q).

Prob(EIM, F, U) is the probability that the evidence would be observed given that a random member

of the population was the questioned sample (U).

LR is the ratio of the two probabilities = Prob(EIM, F, Q) / Prob(EIM, F, U)

P4 etc. is the estimated frequency of the “A” allele in the population
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Mother | Question | Father Prob(EIM, F, Q) Prob(EIM, F, U) LR
AA AA AA Py x P’ P, x Py x Py’ 1/Py°
AA AA AB P.° X 2P, Py x P4’ x 2P4P5 x P, 1/2P,°
AA AB BB P’ x Py P,’x Py’ x 2P,Py 1/2P,Pg
AA AB AB P’ x 2P, Py x P,’x 2PsPs x 2P,\P; 1/4P,Pg
AA AB BC PA’ x 2PsPc x % Po”x 2PsPc x 2PAPg 1 /4P APy
AA AB BB 2PsPs x Py’ x 15 2PAPg x Py’ x 2P,Py 1/4P,Pg
AB AB AB 2PAPB X 2PAPB X (% + 2PAPB X 2PAPB X 1 /4PAPB
i) 2P\Py
AB AB AC 2PAPB X 2PAPC Xxx 2PAPB X 2PAPC X 1/ 8PAPB
2PAPg
AB AA AA 2PAPg x PA°x 2PAPg x Py x Py’ 1/2P,°
AB AA AB | 2P,Pyx 2P\Pyx Yox 5 | 2P,Py x 2P5Py x P’ 1/4P,°
AB AA AC | 2P\Pgx 2Py\Pcx x5 | 2PAPgx 2PyPc x Py’ 1/4P,°
AB AC cC 2PAPg x P" x 5 2PAPg x Pc” x 2P,Pc 1/4P,Pc
AB AC BC 2PAPB X 2PBPC xxl 2PAPB X ZPBPC X 1/ 8PAPC
2PAPc
AB AC AC ZPAPB X 2PAPC xxV 2PAPB X 2PAPC X 1/ 8PAPC
2PAPc
AB AC CD 2PAPB X 2PCPD Xx%x Y 2PAPB X ZPCpD X 1/ 8PAPC
2PAPc
10.11  When performing a Missing Person (10.11) or Paternity Index (10.7.2) calculation on a partial DNA
profile it is possible that an individual or an evidence sample may be identified that cannot be
eliminated as a possible offspring/parent or have originated from the offspring/parent. However the
individual’s DNA profile or the evidence sample is missing an allele at a particular locus that is
observed in the mother/father/child’s DNA profile. The allele may be missing as a result of allelic
dropout or a mutation. Therefore to account for both of these situations two probabilities will be
provided in the Certificate of Analysis and will be calculated in the following manner:
10.11.1 To account for the possibility of allele dropout, the locus will not be used in the
overall calculation.
10.11.2 To account for the possibility of a mutation, the formula addressed below will be used
for the locus and factored into the overall calculation.
10.12  When applying the formulas for Missing Person (10.11) or Paternity Index (10.7.2) calculations, if a

partial profile is obtained and the individual cannot be eliminated, however an allele is missing at a
particular locus the probability for the locus will be calculated and reported two ways:

10.12.1 To account for the possibility of allele dropout, the locus will not be used in the
overall calculation.
10.12.2 To account for the possibility of a mutation, the formula addressed below will be

used.




10 STATISTICAL CALCULATIONS

Page 9 of 12

FLUORESCENT DETECTION PCR-BASED STR

DNA PROTOCOL:POWERPLEX® 16 BIO SYSTEM - FORENSIC

BIOLOGY SECTION PROCEDURE MANUAL,

SECTION I11

Issue No.: 3

Effective Date: 6-March-2006

10.13  The following formula is used when calculating Paternity/Maternity type Calculations involving a

potential mutation " ®:

PI =Mgr /2Py Mg refers to the specific mutation rate for changing allele
StoR
Mgr=p L represents the average mutation rate reported by the American

Association of Blood Banks (AABB)

Pl=p /2P, P4 etc. is the estimated frequency of the “A” allele in the population
Average Mutation Rates Established by the AABB"
Locus Paternal Maternal
FGA 0.00312 0.00056
TPOX 0.00013 0.00005
D8S1179 0.00150 0.00023
VWA 0.00140 0.00033
Penta E 0.00131 0.00056
D18S51 0.00224 0.00064
D21S11 0.00148 0.00110
THO1 0.00008 0.00012
D3S1358 0.00128 0.00015
Penta D 0.00066 0.00064
CSF1PO 0.00144 0.00039
D16S539 0.00110 0.00026
D7S820 0.00119 0.00013
D13S317 0.00140 0.00041
D5S818 0.00115 0.00027

Note: When p is used in the CPI

10.14 Procedure for rounding frequencies:

10.14.1 Allele and genotype frequencies will be carried out to 3 digits. If the forth digit is 4 or less the
third digit will remain the same. If the fourth digit is 5 or greater then the third digit will be

rounded up.

Example: 0.3464 would be truncated to 0.346
0.3467 would be rounded to 0.347

10.14.2 Mutation rate frequencies will be carried out to the number of digits in the actual mutation

rate.

Example: 0.0002 will be carried out to 4 digits
0.0020 will be carried out to 3 digits

10.14.3 The frequency for the overall DNA pattern, termed a DNA profile, can be determined by
multiplying together the genotype frequency obtained from each locus. The overall match
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10.15

probability/Likelihood Ratio/CPI (combined probability of inclusion/combined paternity
index) will be truncated to two significant figures.

Example: 8.169738341 x 107" =1 in 12,240,294,100
Reported match probability: 1 in 12 billion

Refer to Section 11, Report Writing, for the specific wording used when reporting match
probabilities/likelihood ratios/combined probability of inclusion/probability of paternity.

Procedure for calculating allele and genotype frequencies:

The following represents an example of data collected for a STR database and the procedures
used to determine the allele and genotype frequencies. Refer to Appendix H for the Virginia
Division of Forensic Science population databases.

Example: THO1 locus in Caucasian population (n = 209)

Allele Frequency:

Frequency of allele = Number of times the allele was observed out of all possible alleles for a
particular locus/2n.

NOTE: Alleles that contain fewer than 5 events are defaulted to 5 events in order to provide a
more conservative frequency.

Examples:

Allele 5 was observed 3 times out of 418 alleles. Therefore, the allele 5 will default to a total of 5
events (5/418) =0.012

Allele 6 was observed 100 times out of 418 alleles (100/418) = 0.239
Allele 7 was observed 59 times out of 418 alleles (59/418) = 0.141
Allele 8 was observed 50 times out of 418 alleles (50/418) =0.120
Allele 9 was observed 64 times out of 418 alleles (64/418) = 0.153
Allele 9.3 was observed 68 times out of 418 alleles (68/418) =0.163
Allele 10 was observed 74 times out of 418 alleles (74/418) =0.177

Allele 11 was observed 0 times out of 418 alleles. Therefore, the allele 5 will default to a total of 5
events (5/418) =0.012

The sum of the individual allele frequencies should equal approximately 1.000. However, because
events less than 5 are defaulted to 5, the total frequencies may not total to exactly 1.000:
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(0.012) +(0.239) + (0.141) + (0.120) + (0.153) + (0.163) + (0.177) + (0.012) =1.017
Expected Genotype Frequency:

Based on the assumption that the THO1 genetic locus is in Hardy-Weinberg equilibrium, the expected
genotype frequencies are calculated from the allele frequencies, as in the following examples:

THO1 Genotype 7, 7:

(Frequency of the 7 allele)* + Frequency of the 7 allele(1-Frequency of the 7 allele)® = (0.141)* +
0.141(1-0.141)0.01 =0.021

OR
THO1 Genotype 7, 9.3:

2(Frequency of the 7 allele)(Frequency of the 9.3 allele) = 2(0.141)(0.340) = 0.096
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